The 1:1 iminium intermediate generated by the addition of a secondary amine to aromatic bis-aldehydes (isophthalaldehyde and terphthalaldehyde) is trapped by the N -isocyaniminotriphenylphosphorane in the presence of a aromatic carboxylic acid derivative, which leads to the formation of corresponding iminophosphorane intermediate. Then disubstituted 1,3,4-oxadiazole derivatives are formed via intramolecular azaWittig reaction of the iminophosphorane intermediates. The reactions were completed in neutral conditions at room temperature and the corresponding disubstituted 1,3,4-oxadiazole derivatives were produced in excellent yields.
Introduction
In recent years, multicomponent reactions (MCRs) have become important tools in modern preparative synthetic chemistry because these reactions increase efficiency by combining several operational steps without any isolation of intermediates or changes in the conditions. 1−6 This principle, therefore, is highly efficient in terms of time as well as resources. 7 Among the known multicomponent reactions to date, the most valuable reactions are those
9−17
The intramolecular version of the aza-Wittig-type reaction has attracted considerable attention recently because of its high potential for the synthesis of a wide variety of nitrogen heterocycles, which can be attributed, in good measure, to the rapid progress in the preparation of functionalized iminophosphoranes. The nucleophilicity at the nitrogen is a factor of essential mechanistic importance in the use of these iminophosphoranes as aza-Wittig reagents. Iminophosphoranes are important reagents in synthetic organic chemistry, especially in the synthesis of naturally occurring products, compounds with biological and pharmacological activity.
9−20
There are several reports for the use of (N -isocyanimino)triphenylphosphorane 4 in the preparation of metal complexes. 16−21 However, the role of N -isocyaniminotriphenylphosphorane 4 in organic chemistry remains almost unexplored. 16−21 The N -isocyaniminotriphenylphosphorane 4 is expected to have unique synthetic potential because it provides a reaction system in which the iminophosphorane group can react with a reagent having a carbonyl functionality. 20, 21 In recent years, we have established a one-pot method for the synthesis of organophosphorus compounds. Table) . 
General procedure for the preparation of compounds 5
To a stirred solution of N -isocyaniminotriphenylphosphorane 4 (1 mmol), aromatic bis-aldehyde 2 (1 mmol), and secondary amine 3 (1 mmol) in CH 2 Cl 2 (5 mL) was added dropwise a solution of aromatic carboxylic acids 1 (1 mmol) in CH 2 Cl 2 (5 mL) at room temperature over 15 min. The mixture was stirred for 5 h. The solvent was removed under reduced pressure and the viscous residue was purified by flash column chromatography (silica gel powder; petroleum ether-ethyl acetate (3:1)). The solvent was removed under reduced pressure and the products were obtained. The characterization data of the compounds are given below: 
4-{[Benzyl(ethyl)amino][(5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methyl}benzaldehyde (5b)
Yellow oil, (Yield 84% 
4-{[Benzyl(ethyl)amino][(5-(4-bromophenyl)-1,3,4-oxadiazol-2-yl]methyl}benzaldehyde (5c)
Yellow oil, (Yield 85% 
4-{[Benzyl(methyl)amino][(5-(2,5-dimethylphenyl)-1,3,4-oxadiazol-2-yl]methyl}benzaldehyde (5h)
Yellow oil, (Yield 82% 
3-{[Benzyl(ethyl)amino][(5-(3,4-dimethylphenyl)-1,3,4-oxadiazol-2-yl]methyl}benzaldehyde (5i)
Yellow oil, (Yield 86% 
4-{[Benzyl(ethyl)amino][(5-(4-ethylphenyl)-1,3,4-oxadiazol-2-yl]methyl}benzaldehyde (5j)
Yellow oil, (Yield 83% 
3-{[Dibenzylamino][(5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methyl}benzaldehyde (5k)
Results and discussion
The 1:1 imine intermediate generated by the addition of secondary amine 3 with bis-aldehydes (isophthalaldehyde and terphthalaldehyde) 2 is trapped by the N -isocyaniminotriphenylphosphorane in the presence of aromatic carboxylic acid derivatives 1, which leads to the formation of 1,3,4-oxadiazole derivative 5 and triphenylphosphine oxide 6 (Scheme 1 and Table) . The reaction proceeds smoothly and cleanly under mild conditions and no side reactions were observed.
Four-component synthesis of 1,3,4-oxadiazole derivatives from..., A. RAMAZANI, et al. multiplet for H-Ar (7.28-7.92 ppm), and a singlet for CH of the aldehyde group (δ = 10.11 ppm 
Conclusions
In summary, the previously developed method was extended to bis-aldehyde for the preparation of sterically congested 2,5-disubstituted 1,3,4-oxadiazole derivatives 5 from aromatic carboxylic acids 1, bis-aldehyde 2, secondary amine 3, and N -isocyaniminotriphenylphosphorane 4 in excellent yields under neutral conditions. Its ease of work-up and reaction conditions make it a useful addition to modern synthetic methodologies. We think that the reported method offers a mild, simple, and efficient route for the preparation of sterically congested 1,3,4-oxadiazole derivatives, by a sequence of multicomponent reactions and an intramolecular azaWittig closure. Due to the easy availability of the synthetic approach and the neutral ring closure conditions, this new synthetic approach discussed here has potential in the synthesis of various 2,5-disubstituted 1,3,4-oxadiazoles, which are of considerable interest as potential biologically active compounds or pharmaceuticals.
Other aspects of this process are under investigation.
